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SUMMARY 

An investigation into the behaviour of aromatic hydrocarbons in chlorinated 
water is described. Aromatic fracdons of dieseE fuel were exposed to highly chIorinated 
water (100 m&/E free chIorine) for definite periods of time {I9 30 and 70 h)$ and the 
extracts were subjected to gas chromatographk-mass spectrometric anaIysis. Mass 
chromatograms of the various extracts, specific for aromatic hydrocarbons and pos- 
sible chlorinated products, obtained by simple mathematical procedures, have been 
correIated with each other. 

ConcIusiocs are made on the reactivrty of the various specres: the rates of 
oxidation and chlorination are dependent on the number and orienration of the alkyi 
substtituents. f ,3,5_TrimethyIbenzene, a frequently encountered poktant, shows a 
marked reactivity, its chIorination being almost complete after I h. 

INTRODUCTION 

Chlorine is widely used in water treatment as a disinfecting and oxidising agent’. 
1x1 cEforina&n processes. organic constituents of cvater xnzy be chlorinated to yield 
components which are of great cuncern in the consideration of water quality’-l. 
Detak of the formation of various haloforms in chlorinated drinking waters have 
recently been pubfished5*“. 

We have studied the possrbitity of chIorinated hydrocarbons originating from 
the chlormation of petroleum-derived compounds found in aqueous solutions. Such 
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mater&& 2re also normally prese~lt in dcmestic 2nd industrid wastew2teP. Ferrcfeum 
hydrccahbcns were chosen for this study bec2use of their ubiqtiity azd the bimxistant 
cha_xcter of rkeir chlcrc deti\2&es. S*Gxe aromatic hydrocarbons ;Lre more sciuble 
in w2ter 2nd less resistmt to &em&A oxidation than 2Iiphatic kq’drcc2rbcnP, this 
stttdy fccmes on the aromatic fmcticn of dxesel fuel. 

Peirclerrm fictions are extremely compkx nixtures -AicE_ camot be mm- 
pletely resolved into sin& components by b&h-resolution gas cbroroatcgraphy. We 
skew that cornpurer-assisted g2s ckrcmatcgr2pby-mass specuxime~ry (Gc-&%s- 
CO&%) enables tke s$ecif?c detxticn of various groups cfiscmen 2nd their chL+nated 
defvatives. 

Chlorine disprcpcrticn2ttes in w2ter to produce hypocklorous and hydrochloric 
acids : 

CI, f H,O -+ KQCI -+ H’ f CI- 

Under conditrons norrnailji prevailin g at water treatment pfznts, the equfIibrium 
position of this reactmn IS WI the srde of the acids, 2nd OE& at a very Iow pK is a 
sutstantiaf amotrnt of elemect6 chlorine present. HypcchIcrcus 2cid is 2 weak acid 
wrih a pK value of 7.5 at 20”. Tke reactions of organic compounds XII cklcmated 
water are therefore dependent 0x1 both the chfcrine ccneentration 2nd the pH. 

Tke aim of this study is to identify- &hose components of dresel f=el (or rke 

eqrGv2lent No. 2 frrel 03) wkick tend m form chtcrinzted hydrocarbons, This is achieved 
by specific fingerp-iicts obt2i.ioed by GC-MS-COM. We report torreI2ticns between 
precerrscrs 2nd chlcrinzted products. and discuss the remits in the light of the 
reactivities arrd re2eticn pathways of the v2ricus ccmpcu~~d types. 

103 p1 of a ccmnercizf diesel fuel were fmztioiiated on a siIica column (I I x 
i .O cci, Kiesdela (Merck Dar~mstadt, G.F.R.), activated at 275” for seven kj. After 

eluting the aliphatic f~acticn with 30 ml of n-per&me, the aromatic ccastituents were 
cb:alrred by eluticn v&31 ZO ml of mdkyIe ne cklcride. The czganic sotvents had been 
carefully redistilled, ~_r,d the R2ter purified in 2 quartz distillaticn apparattrs. 

The zetkylene ck!ctide fraction wits concentrated at rccm temperature to I 
-ml. A 3CJ0-~1 ahquct of the solution ~2s added CO one titre of water wkick had been 
buBered with 100 n;l of 2 0.1 M phcspk2Le buffer scluticn. Eiy adding Javelle w2ter 
(Bmder and tiobein, ZBrich, SxiitzeAmd) 2 ccncentr2ticn cf 1GO xi& of free cklcrine 
(HOCL f -ClCI) and a pEi of 7.2 i~2.s atttarned. The ckkxine ccncentr2tion was 
de:emined by icdcnretric tttr2ucn IL_ Sampfes of one litre ezck were aficned to react 
at rccm tempe_zztrrre for I, 30 ad 70 h, respectively. After chlorination the samples 
were extrzcted three times n<th 20 ml of n-permne. The ccmbined extracts were dried 
over scdiirm srrIph2te (Mercii, puriss, kerrLee at 750” for % h), 2nd concentrated at 
rc xn temperature to 303 & A second oil scfut~on was prepared witkcut adding any 
cklcrine in order to snalyze tke srar&g material. 

The GC-_MS-COM Investigzticns were perfcmed an 2 Finnigan Model EOI 5 D 
appawius in combtlation ~iith a Fin&g211 Model 6000 Iraer2ctite C2~2 System. The 
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operation of the quadruple-type mass spectrometer was controlled by the computer. 
which acquired, stared, 2nd processed the resulting data. 

The gas chromatograph was equipped with a Grob-type injectaP 2nd 2 @ass 
capillary column (OF’-101,50 m x 0.32 mm) which had been purchased from H. and 
G. .T2eg$, Trogen, Switzerland. The end of th e glass caprllarq column was coupled 
to the mass spectrometer by means of 2 platinum capillary (0.1 mm I.D.) leading 
directly to the ion source. A piece of g&s capillary tubing 2 cm long, was meited on 
to one end of the platinum capillary so that it cotifd be connected to the column with 
PTFE shrink tubing. By quenching the platinrrm tubing &&ion conditions compa- 
rabte to normal GC operation cou!d be actueved. This interfacing technique hzs been 
described in dekl by Neoner-Jehte 2nd ca-workersi3*‘4_ The MS oper2ting conditions 
were; electron ener_q 70 eVt emission current 350,rrA, preamplifier sensitivity IO-’ 
A/V. 

3 I_CI of the concentrated extracts \lere injected without stream splitting onto 
the column at ambient temperature (2pprox. 28”). After 30 set the split valve was 
opened, affowing the septum and injection port to be purged at a Bow-rate of 15 
ml!min”. Subsequent to the elutian of the solvent, the oven temperature was pra- 
rammed to 200” at 3”/min, and the temperature of the GC-MS interface oven was 
held at 180”. Heiium at 30 p.s.i. w2.s used as carrier gas. 

Mass speck2 were scanned continuously 2nd stored on 2 mzgnetic disc. The 
im&I parts of the chromatograms were recorded over 2 mass range from 33 to 199 
2tornic rnit~s units (am.u.~ with 2~ integarion time of 8 msec per 2.m.u. For the 
second part, a mass range from 33 to 260 a.m.u. was recorded with 7 msec integration 
time per 2.m.u. The cut betBeen the two parts was set after the elution of acenaphthene, 
which could be monitored on the real time displ2y. 

The Data System 6OW enabled the dat2 to be processed by a very rapid and 
convenient direct interaction with the computer. Mass spectra OF reconstructed 
chromatograms could be stared in two diEerent memory regions and could be added 
together or subtracted from each other as required. Negative values obtained by sub- 
traction were set equal to zero. This operational facility is provided mainly for back- 
ground subtraction of mass spectra, but it C~EL also be used for combining recon- 
structed chromato,orams. 

Toi& ion current (TIC) chromatagams were established by adding together 
all ion currents of each spectrum 2nd plorting them ~ersr~ the spectrum numbers. 
-Mass chromatagrams (MC) were reconstructed selecting the specified ion or ran group 
and plotting the ion intensities in the same manner. These latter chramatagrams 
indicate specific2IIy those compounds \+hich contain the seiected elements in their 
m8ss spectra 2nd structures, respecctively16. For example, two compounds \+hich 
fiave dBerenr retention times 2nd c2n be detected specikal!y in 2 &EC of the respective 
molecular masses, c2n be studied in one single chromatogram by adding together the 
two particular Me’s. 

RESF_FfLTS AN5 DEiCUSSIC?N 

Initially, a control sample of the aromatic fraction of diesel fuel v&s studied 
without chforinatiorz to provide background information on the complex mixture, 
2nd to test the detection techniques. Fi g. i shows T;he TIC chromatograms resulting 





CiC-kfS-COM OF ARO_MATIC ??RACI-ION OF DFESEL FUEL 47 

from a GC-MS experiment. The chromatogram is @it into two parts according to 
the storage in two different fiIes of the disc memory. Because the highest peak of each 
part is used for normalization, the peak heights cannot be directly compared. 72-x 
components in the second part are actually tess abundant than the earlier eluting 
compounds. Most peaks contain more than one component, and many tracs 
constituents are not detected. A Iarge number of nnresoIved peaks gives rise to a 
chromatogram which cannot be reasonabiy interpreted. The ranges of the various 
compound types as indicated in Fig. I are based on MS evidence and on relative GC 
retention times. 

The data resuhing from the GC-MS experiment can be evaluated in a more 
sophisticated way using mass chromatographic techniques. Since most aromatic 
hydrocarbons show intense moIecuIar ions in their mass spectra, they are web suited 
to specific detection by mass chromatography. 

The mass chromatograms of several chlorinated mixtures were complicated; 
Fig. 2 exemplifies such a case and indicates bow the disturbances can be removed. 
The MC for mass 106 (trace A) gives peaks for ethyfbenzene, o/m-xyfene (not resolved) 
and F-xyleue. However, there are additional peaks which are elured Iater than the &- 
benzenes*. The or&n of this interference is demonstrated in trace B of Fig. 2, showing 
the IMC for mass 10.5. En this chromatogram, the major peaks correspond to inter- 
ference in trace A. This is due to the fact that compounds with ions of mass 105 have 
additional ions of mass LO6 ansing from the natural abundance of carbon-13 isotopes. 

The sefectfviw is considerably rmpraved by subtracting the _MC far _M- - I 
(-MC 105, trace B) from the MC for Mf (MC 106, trace A). In this way, onIy com- 
pounds having greater ion intensities of ,M- than of MT - I remain in the recon- 
structed chromatogram. Trace C of F_, ic. 2 demonstrates the eiliciency of this subtrac- 
tion procedure which eliminates the interfering peaks in the IMC for the molecuIar 
ion of the C;-benzenes. 

In general, one can detect specificaTTy a group of components which display in 
their mass spectra a greater intensity of ion A than ion E by subtracting MC (ET) 
from MC (A-). En this way ah peaks which: correspond to components having mass 
spectra with ion intensities I(A-) < [(B-J are suppressed. If 1 (A-f > 1(B-), the 
difference mass chromatogram (DMC) reveals a peak with 2 height given by the 
intensity difference 1(A-) - I(B-). A similar technique was used to search for 
cfriorinated hydrocarbons in the course of the impact af chhxine. The substitution by 
one or two &arine atoms leads to an increase of the moIecu!ar mass by 34 or 68, 
res~ctivety. The cbioriuated products and their precursors could be represented in 
one single chromatogram by adding together the DMC for E-M’ - (M’ - I)], 
[(_M- t 34) - (RI- i 3ff and [(M’ f 68) - (MC f 633. Figs. 3, 4 and 5 repre- 
sent some of the restrIting chromatograms for diEerent types of compounds 2nd v2rp 

ing reaction times. 
Fig. 3 depicts the behaviour of &-beuzenes. In the unchauged diesel fuel 

(reaction time Or trace A), ail eight possible isomeric C&enzenes were detected. 
IdentEc&ion was based on their mass spectra and on co-injection gas chromatogra- 
phy of reference substances. Since acenaphthene (peak 16) also has a molecuIar mass 
of 154_ this companent aIs0 appears in the DMC (t5& - 153). After a reaction time 



of f h the relative rntensity of pe2k no. 5 (t,3,5_trrmethytbenzene, rnesiQ4ene) has 
deccreased to approximately 30% of its originaL value. This change cm be correfzxed 
with the appezrznce of a cfifora-G,-benzene (peak no. II). Peak 50. I1 is the5 sus- 
/x&d to be a no5acbtoromesity~e5e. 

After 30 h of cMorinatio5 (trace C) the three isomeric trirne&yLbenzenes are 
no longer present, or only in Erxe quantities. A series of ctiforinated C,-benzenes wi’& 
I~OkCu~2F masses of 154 (peaks 9-14) could be detected. It WES not possible to 
detznnine their exact strrrctures on the basis of their mi?ss spectra. Peak 15 proved to 
Is,- a dichfora-C-,-berzzene. Only n-prop+. l-e$S@-3-meth~l- and I-ethyl-2-met&G- 
be~~enes @z&s 2. 4 and 6) remzlned lo detectable anzaunts after a chlotiation of 
‘7C h. These components were abviousl~ 50t oxidized; nar did tliey show a5y tendency 
1 a s&x&Se chlorine. Pezk 50. I I diszppezxd afGx 70 0 rezcticn time, and vte suspect 
rha: this chfommwitykne was chlo&afed ag2r'n yiel&ng -peak no. 15_Acenap&hene 
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Fig_ 4. Reconstruct& msss chromatognms for the spe&c detection of CL-naphthAems and their 
chIon.nated derkatttes: MC(I56 - 155) I (190 - 1X9) f (224 - 223). A, Diesel fuel without &a- 
_rinafion; B, 1 h cNomation; C, 30 h chlorination I = C2-nrtphthakces; 2 = chforo-C~-nrrphthaIenes. 

(peak no. 16) on the other hand proved to be very stabIe and did not change its 
concentration markedly. For an exact structure elucidation of peaks no. I 1 and 15, 
mono- and dichloromesitglenes were prepared by chlorination of an aqueous solution 
of mesitylene. The aromatic posrtions of the chlorine atoms co&d then be derived 
from their proton magnetic resonance s_oe&ra. 

Some of the isometic C,-naphthalenes (molecular mass 156) were chlorinated 
after I h reaction time. This group of chIoro-compounds is readily recognized in 
trace B of Fig. 4. After 30 h ofcfilorination (trace C) thesecompounds had disappeared. 
Since no dichloro-products could be found, we assumed &at an oxidative reaction 
had taken place. Some C_-naphthafenes did survive the chlorination. but their iden- 
rities could not be efucidated. 

Fig. 5 shows the behaviour of naphthalene, I-methyinaphttialene, 2-methyl- 
naphtharene, the methyIindanes and tetralene. The effect of a 30-h chlorination pro- 
duced a compiete elimination of the three naphthalenes. No chlorinated products 
could be detected. Tetralene, I-methylindane and 2-rnethyfindane showed the lughest 
stability_ 4-Meth~lindane and 5-methylindane with methyl substituents on the aro- 
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TABLE f 

ARO?&4’iIC HYDROCARBONS DETECTED IN DIESEL FUEL A.ND r?: AQUEOUS SO- 
LUTIONS OF DIESEL FUEL AFTER CHLOJZENATKON 

Benzenes: benzene, toluene, C&enzenes (u-, m-, p-xyic& ethylbenzene), Cs-benzenes (g 
isomers), C~_&enzenes 
Kaphthalenes: nzphthdene, I-metb~lnaphthdene, Z-methyfnzphthdene, CzA-naphthafenes 
Indanes: indane, Cl-in&inti (4 isomers), Cl-&ties 
Tetralenes: tetiene, C_+-tetraienes 
Acenaphthene: biphenyl acenaphtheoe 
FIuorenes : lkxene, CL_&uorenes 
Antbracen~: anthr-xene, CI_3-anthracene 
Phenznthrenes: phenznthrene, Cl-s-phenanthirenes. 4,5-meth~Ienep&nulthrene 

f h of chiormaf:orr 
Chlorinated products: 2_chloromesityTene, ch~oro-C~_5-nzphthaIene 

30 h of chfGri%a~~off 
CEonnated products: chloro-Cz-&enzenes, _, 7 %.fichloromesityIene, chloro-C&danes 
Components eliminated: naphthalene, C ,-naphthhdenes, C,-indanes, phenulihrenes, an- 
thIacfxles 

70 h of chi5ruratfm 

Componenfs persistmg after 7Oh of chlorination: C,-bezenes, chloro-C,-benzenes, 2- 
chloromaifylene, dichloro-C,-benzenes. acenzphthene 
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